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Abstract
There is a growing interest in visualizing the models of marine ecosystems as far as the research community is concerned to 
study climate change. This research community comes from a multidisciplinary background and a need exists to share 
knowledge. The research community faces difficulties in sharing the results, while new branches like end-to-end modelling (from 
small biological entities like viruses to big whales) are in the early developmental stage. Lessons have to be learned to establish 
an open access, community-based approach. Visualization tools support to define a suite of up to nine interdisciplinary issues. 
Amongst them, the community needs the software and technology for coding and sharing algorithms in open access. Another 
need is the assessment of model performance for past time periods and for the forecasting of climate change. Moreover, there is a 
need to improve knowledge sharing amongst the interdisciplinary scientists interested in modelling marine ecosystems and using
these models.
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1. Introduction
Marine ecosystems are one of the earth’s largest aquatic ecosystems. Ecosystem is a community of living 
organisms such as plants and animals, along with non-living components like soil, air, water and others. An 
ecosystem model is a representation of an ecosystem which is observed to gain a perception of a real system, usually 
represented mathematically. These models are studied to make prediction of the real ecosystems. Data from various 
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sources such as from the field and their relationships are gathered and combined to model an ecosystem, for 
instance, predator and prey populations. Ecosystems have applications in different domains such as agriculture, 
wildlife conservation [1], natural resource studies [2], environmental health [3] and others. Ecosystem models enable 
scientists to simulate costly experiments at a large-scale that would be impossible or immoral to perform on a real 
ecosystem. Moreover, these models also enable the simulation of ecological processes over very long periods of time 
(i.e. simulating a process that takes centuries in reality can be done in a matter of minutes in a computer model) [4].
In computation of ecosystem models may use High Performance Computing (HPC) facilities.
The process of model design begins with a specification of the problem to be solved and the objectives for the model 
[4]. Ecological systems are composed of an enormous number of biotic and abiotic factors that interact with each 
other in ways that are often unpredictable, or so complex as to be impossible to incorporate into a computable 
model. End-to-end models of eco-systems typically combine sub-models of physicochemical oceanographic 
processes with descriptors of lower- and higher-trophic-level organisms into a single modelling framework [5]. 
“The increasing interest in developing end-to-end models is the result of several developments: the worldwide 
movement toward ecosystem-based management, advances in ecosystem modelling, improvements in computing 
power, and the ever increasing appreciation of the complexity of the interacting factors that control ecosystem 
dynamics” [6]. In order to provide a multidisciplinary collaboration amongst scientists from different domains to
model an ecosystem, collaboration and sharing of knowledge, technology is necessary, however, it has not yet been 
achieved fully. In this paper we discuss only "IT relevant" points, - the software and technology for coding and 
sharing algorithms in an open-access community, - the assessment of model performance and forecasting of 
ecosystems.
2. Background
The background on the concepts and terminologies used in this paper are provided in Section 2.1 to Section 2.4.
2.1. End-to-end models of ecosystems
A major goal in ecosystem modelling of marine systems is to combine the hydrodynamic environment with the 
nutrient system to feed the biology and simulate the time development using partial differential equations by 
numerical integration. Each biological system like the plants or small animals like zooplankton and large animals 
like fish needs another approach in modelling. In end-to-end models, the goal of representing the food 
(zooplankton) for large animals (fish) shifts from obtaining realistic nutrient and plant concentrations in a 
biogeochemical context to representing the quantity and quality of food available to multiple species of fish over 
their lifetimes. An end-to-end-model of the state-of-the-art combine physicochemical oceanographic descriptors and 
organism ranging from microbes to higher-trophic-level organisms, including humans, in a single modeling 
framework.
2.2. Significance of end-to-end models of ecosystems
Creating end-to-end models of ecosystems is significant because there is a great demand for such approaches. 
There is a strong need for quantitative tools for ecosystem-based management, models that can deal with the 
handling of multiple impacts expected under eutrophication, fisheries management and climate change. Hence, 
visualization of end-to-end models of ecosystems is pertinent. Moreover, there is also an enormous potential to 
exchange views and collaborate with the scientists from different domains interested in modelling of eco-systems. 
These domains may range from biology to chemistry and so on.
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2.3. Current collaboration of end-to-end models of ecosystems
Model development occurs by "model schools" using a well-designed model and PhD students develop aspects of 
the ecosystem by improving the model. There is little exchange with other modelling groups during development. 
The modelling community of ecosystems misses a common tool to share thoughts and experiences with other 
scientists from different domains who study ecosystems.
2.4. Knowledge gap
End-to-end models require a substantial amount of custom computer code in different domains of science [6]. 
Mostly, for instance; the programming language; FORTRAN is preferred for the large-scale and complicated 
modelling, because of existing models are coded in the same language and for the reason of processing 
speed. There is a lack of common data standards and interfaces that could make sharing, exchanging, and testing 
model codes easier in the communities. The communities of experts [6] anticipate new algorithms for coupling the 
nutrient and plant system with the management of fishes by the integral link of food - the zooplankton. The models 
are still very much custom computer programs known and available only to the model developers and perhaps some 
of their collaborators. This creates challenges in comparing results and sharing the lessons learned about algorithms. 
The building of end-to-end models is still in its infancy stage.
3. Current challenges
There are number of interdisciplinary challenges as highlighted by Rose et al. However, in IT relevant points in 
end-to-end ecosystem modelling, sharing of software and technology for coding as well as sharing algorithms is one 
of the major challenges in open-access communities that model ecosystems such as end-to-end ecosystems in 
different scientific domains that form a bigger community [6]. Furthermore, interdisciplinary metrics for assessment 
of model performance and forecasting of ecosystems to assess e.g. climate change are needed to be developed.
4. Agreements needed to counter the challenges
In order to address the current challenges as far as the cooperation and knowledge sharing of end-to-end
ecosystems models is concerned, certain agreements are required. A substantial amount of custom computer code 
used to model an end-to-end ecosystem can be reused off-the-shelf in different scientific domains. It is currently not
realistic to reuse the code. However, lessons drawn out of programming such models can be shared with scientists of 
one domain to another domain. For large-scale, complicated modeling languages such as FORTRAN and C, there is
still substantial amount code sharing that can take place amongst the community. Consequently, a platform in the 
form of a portal can be formed where programmers share routines, code snippets and even complete computer 
programs for reasons of experience sharing, improving speed of development and ease of coupling to existing model 
code. There is a continued reliance on sequential languages [6]; therefore, experience sharing in the form of sharing 
algorithms can extensively help in enhancing computer programming skills for developing end-to-end models.
Besides, establishing common data standards and interfaces are important to share, exchange and testing model 
codes at ease.
Scientific and technical support in using different models, for instance; for simulation for the forecast of 
ecosystems as well as model development is needed to be provided at a community level. A good example of similar 
scientific and technical support is the consortium called Earth System Grid Federation (ESGF) [8, 9]. ESGF is an 
organizational body in which the data centers across the world but mainly from Europe and Americas have gathered 
together to provide data sets to the researchers for modelling and forecasting climate change, amongst many other 
features that ESGF offers. The main data available in ESGF is climate data, however, other data such as biology and 
energy data is also offered by ESGF [8, 9]. Support for researchers in the form of scientific and technical support is 
available in ESGF. Similar support forums can be established for technical support such as code reuse and 
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knowledge sharing about algorithms to support the interdisciplinary communities of end-to-end ecosystem 
modelers. The future forum at the same time can be used in a similar manner as in ESGF. In the future proposed 
platform one can also compare results amongst using different software and visualization packages that are used to 
visualize as well as model end-to-end ecosystems. Moreover, initiatives at the ecosystem research institutes can be 
started to attract researchers to work in the direction of environmental computing, especially in the direction of 
software development and reuse. Similarly, a federation of institutes on the same model as ESGF is recommended in 
this paper to be formed where  concerned institutes and data centers can collaborate together to achieve common 
challenges. Furthermore, studies of usability and user experience of software programs and other software tools in 
different communities of ecosystem forecasting and modelling shall be initiated.
5. Conclusion
A tool and a platform are necessary to share knowledge of scientists belonging to different domains who model 
eco-systems. Sharing algorithms and software programs in different domains of science shall boost up the 
collaboration amongst scientists and hence technology can be re-used and costs can be saved.
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